data available on the prevalence, epidemiology, and risk factors of VRE in Saudi Arabia. The aim of this study was to investigate the risk factors and clinical and epidemiological characteristics of infection with VRE among patients admitted to a university hospital.
methods

Patients
This study was carried out on patients with enterococcal infection admitted to King Khalid University Hospital, Riyadh, Saudi Arabia, a tertiary teaching hospital with 850 beds that serves a population of <1.5 million inhabitants. The study was conducted from September 2014 to November 2015. Prospective investigations were carried out on patients with clinically significant enterococcal infection attending hospital clinics, emergency rooms, medical and surgical wards, and Intensive Care Units (ICUs). For some patients, data were collected retrospectively. Patients might acquire VRE colonization and subsequent infection during current or prior hospitalization. It was not always possible to determine in each single case the source of colonization preceding infection. However, all cases enrolled in this study had a clinically significant infection. All admitted patients were followed prospectively. However, for some patients, retrospective reviews of their files were done to obtain some information on previous admission, underlying diseases, prior VRE bacteremia, and ICUs stay. Patients were followed until discharge or death. Microbiological and clinical information were gathered including age, gender, hospitalization ward (medical wards, surgical wards, or ICU), source of the infection, clinical diagnosis, history of vancomycin intake, surgical interventions, invasive procedure and devices, and current medication profile. This study was approved by the Institutional Ethics Review Board of King Khalid University Hospital.
Bacterial culture: Identification and susceptibility testing
Clinical specimens included urine, pus, tissue, blood, and body fluids. Surveillance cultures (taken within 24 h after admission) for VRE screening received usually from ICUs such as rectal swabs were excluded. Culture and antibiotic susceptibility of the isolates were performed as per the standard recommendations. The clinical significance of the Enterococcus isolates was assessed retrospectively by analyzing the clinical criteria such as catheterization in UTIs, signs of sepsis, and other laboratory tests such as leukocytosis. Colonies isolated from routine clinical specimens resembling enterococci were initially identified by Gram-staining, growth in 6.5% NaCl broth, and bile esculin hydrolysis. In vitro susceptibilities of the isolates to ampicillin, ciprofloxacin, vancomycin, gentamicin, teicoplanin, and linezolid were determined by the disk diffusion method and interpreted according to the Clinical and Laboratory Standards Institute (CLSI) guidelines, 2007. Care was taken to view the vancomycin zone of inhibition in transmitted light after 24 h of incubation at 37°C. [12] The minimum inhibitory concentration (MIC) of vancomycin was determined by the E-test for all the enterococci isolates, which showed intermediate sensitivity by the Kirby-Bauer disc diffusion method. A lawn culture of enterococci, 0.5 McFarland's standard, was made on 5% Mueller Hinton blood agar. The E-strip, which was obtained from Himedia ® , was applied with a MIC scale, facing up, using sterile forceps, with the higher concentration facing the edge of the plate. The plates were examined after 24 h of incubation at 37°C. The zone of inhibition was observed in the form of an ellipse. The antibiotic susceptibility pattern was interpreted as per the CLSI Guidelines, 2007. [12] 
Statistical analysis
Statistical analyses were performed using SPSS version 19 
results
In a 1-year period, 231 enterococci were isolated from blood, urine, exudates, sputum, stool, and body fluid (peritoneal, ascetic, bile, and drains) [ Table 1 ]. Urine in 95 (41.4%) isolates followed by blood 63 (27.2%) and wound swab 45 (19.4) were the most commonly involved specimens. VRE were more significant from blood specimens (P < 0.0001) while VSE were significantly more predominant from urine specimens (P < 0.0001). In all other specimens (body fluid, cerebrospinal fluid, pus, tissue, and wound swab), there was no significant difference in the frequency of isolated VSE and VRE [ Table 2 ]. The most common isolated Enterococcus species was E. faecalis 169 (73.2%) followed by E. faecium 53 (22.9%). E. gallinarum and E. avium represented 5 (2.2%) each [ Figure 1 ]. There were 191 (82.7%) VSE, and 40 (17.3%) isolates were VRE. Thirty-three (62.3%) of E. faecium isolates were vancomycin resistant while only two (1.2%) of E. faecalis isolates were vancomycin resistant. The susceptibility pattern of E. faecalis and E. faecium to other clinically important antibiotics was also analyzed [ Table 3 ]. E. faecalis showed high susceptibility to most tested antimicrobial agents. A high level of gentamicin resistance was seen in 40 (23.7%) of the E. faecalis isolates and 36 (67.9%) of E. faecium isolates. Linezolid was the most active antibiotic against E. faecium followed by teicoplanin and tigecycline. In comparison to vancomycin-susceptible enterococci (VSE), VRE were more commonly isolated from patients in ICUs and oncology unit (P = 0.0151 and P < 0.001, respectively) whereas VSE were more commonly isolated from patients in medical and surgical wards (P = 0.0178, Figure 2 ). The detailed clinical and microbiological data for patients who acquired VRE while in ICU, oncology, and surgical and medical wards are shown in Tables 4-6, respectively. Overall, 40 VRE patients developed serious or persistent infection including bacteremia (24) , wound infection (9), UTI (6), and peritonitis (2). One patient had peritonitis postcolectomy complicated with bacteremia. Intestinal VRE-carriage was identified in three patients admitted to the ICU. The mean age of VRE-infected patients was 55.4 ± 22.0 years. Blood was the most common specimens received from VRE-infected patients in the ICU, oncology, and surgical and medical wards (11/16, 7/12, and 5/12, respectively). Five patients had concomitant infection with organisms other than VRE: Multi-resistant Acinetobacter baumannii recovered from the blood of an AIDS patient with Kaposi sarcoma and septic shock, Enterobacter cloacae from ascetic fluid of a patient with terminal stage cancer of the colon and peritonitis, multi-resistant Pseudomonas aeruginosa from a patient with diabetic foot infection, nonidentified Gram-negative Bacilli from the blood of a patient with adenocarcinoma of the gallbladder, and extended-spectrum beta-lactamases producing Escherichia coli from ascetic fluid of a patient with liver disease. Thirteen of the VRE-infected patients (32.5%) for whom the treatment information was available received vancomycin prior or during the course of infection.
discussion
In the present study, the overall prevalence of enterococci was 231 isolates. In a study from Riyadh, a total of 206 enterococci were isolated from 240 patients with nosocomial infections, with specimens collected from in-patients and out-patients at King Khalid University Hospital (140 specimens) and King Saud Medical City Hospital (100 specimens). [13] The prevalence of VRE in this study is 17.3%, consistent with a report from a hospital in Brazil (15.8%). [14] A higher isolation rate of VRE was reported from Iran (23.7%) and from pediatric hematology/oncology patients in Egypt (75.0%). [15, 16] These differences might be due to the study design and study population (pediatric age) in the previous study. A study from a University Hospital in Belgium revealed even a higher incidence of VRE 586/1260 (46.5%). [17] In a recent national surveillance of antimicrobial resistance among Gram-positive Bacteria in Saudi Arabia involving 13750 isolates, enterococci account only for 3 · 1%. [18] In Europe, surveillance data showed variable VRE rates among different countries ranging from <2.0% (Finland, Holland) to >20% (Ireland, Greece, Portugal). Italy is a country with a low rate level (4.2%). [19] Rates of VRE in the USA hospitals reached 33.0%. [20] Similar to other studies, we found that the maximum number of isolates were obtained from urine followed by blood and wound swab. [13] [14] [15] However, in one study, the maximum number of isolates were obtained from pus (43.0%), followed by urine (31.0%). [21] More interestingly, we found that blood was the most common specimens received from VRE-infected patients in the ICU, oncology, and surgical and medical wards. Most of those patients were critically ill. Several studies have shown that infections caused by VRE, particularly bloodstream infections, are more serious and associated with higher mortality rate compared to those caused by vancomycin-susceptible enterococci (VSE). [22] [23] [24] Moreover, we found that 30.0% (12/40) of our VRE-infected patients were oncology patients and 40.0% (16/40) were ICU patients. Screening for and identifying VRE colonization prior to ICU and oncology wards will provide an opportunity to initiate strict infection control measures and prevent nosocomial transmission. In a retrospective review of 2115 cancer and transplant recipient patients, VRE fecal colonization was documented in 5.4% of patients with leukemia, 4.9% of hematopoietic stem cell transplantation recipients, and 2.2% of patients with lymphoma. Twenty-nine (29.3%) of those developed bacteremia. [25] The Enterococcus isolates obtained in the study were mostly E. faecalis (72.4%) followed by E. faecium (22.8%). This species distribution is similar to that reported from a regional study in which among 206 of enterococcal isolates, 166 (69.2%) were identified as E. faecalis and 27 (11.3%) as E. faecium. [13] Sreeja et al. [21] reported a similar result in their study that E. faecalis (76.0%) formed the major isolate, followed by E. faecium (24.0%). Similarly, in a study from Iran, 106 (57.0%) isolates were identified as E. faecalis and 80 (43.0%) of the isolates were identified as E. faecium. [15] An increase in the isolation rate of E. faecium and other non-faecalis species of Enterococcus was found in one study. [26] It has been well documented that ICUs are major reservoirs of VRE in the health care setting. [27] VRE colonization on admission to the ICU is a major determinant of VRE infection. In a meta-analysis of published studies to assess trends of VRE colonization in the ICU, 7.1-10.6% of patients admitted to the ICU were colonized with VRE on admission. [28] The risk of VRE infection in the ICU among colonized patients (0-45.0%) was higher than the risk of VRE infection among noncolonized cases (<2.0%). Susceptible populations, such as solid organ transplant recipients, [29] cancer patients, [25] and allogeneic hematopoietic stem cell transplant recipients, [30] are at greatest risk of colonization and subsequent infection and bacteremia. In addition, VRE colonization was identified in 184 ICU patients (17.6%) for whom routine perianal swab cultures were obtained on ICU admission to a tertiary hospital in Korea. [31] Of these, 11.9% developed VRE infection. Interestingly, in the study, there was a greater prevalence of VRE among patients admitted in the ICU and oncology areas. These results are in agreement with that reported in a Saudi study which recovered 85.0% of the total VRE isolates from the ICU; 112 (46.7%) from the surgical ward, 67 (27.9%) and 27 (11.3%) from the internal medicine ward. [13] The same finding was reported from Brazil, in which the maximum prevalence of VRE was found in patients admitted in ICUs (38.2%), followed by the emergency ward (23.5%). [14] More important, nearly 69.0% of ICU patients in the study developed septicemia. Almost all of these patients were critically ill with complex underlying pathology. The presence of severe comorbidity and combined infection with organisms other than VRE are possible risk factors for the development of VRE bacteremia in our ICU patients. Four of the VRE isolates recovered from the ICU patients were highly resistant to vancomycin and all were of the E. faecium species. Varying levels of resistance was seen to various antibiotics. Most of the E. faecium isolates were resistant to ampicillin (96.0%) with the least resistance level to linezolid (11.3%). On the other hand, compared to E. faecium, E. faecalis showed a more susceptible antimicrobial profile to all tested antibiotics. Our VRE-infected patients have limited therapeutic options to other clinically useful antibiotics, including teicoplanin, ciprofloxacin, and high-level gentamicin, leading to potentially more serious outcome and high fatality.
This study had several limitations. First, we had a relatively small number of studied patients, thus reducing the statistical power of the results. Second, we had difficulty in determining VRE infection versus colonization from current or prior hospitalization for each individual case. Third, there was a lack of molecular studies that might have led to a better understanding of the epidemiology and source of infection of VRE-colonized or infected patients.
In conclusion, the presence of high prevalence of VRE in this study signals the emergence of more VRE-infected patients, particularly in critical areas such as ICUs and oncology units. Therefore, the rational use of antibiotics and a more detailed study using phenotypic and genotypic methods are needed.
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